INTRODUCTION
Kilauea volcano is located on the southeastern flank of Mauna Loa volcano. The summit and east rift zone of Kilauea are the most active eruption and intrusion areas on the volcano (Gerlach, 1986) . The summit area of Kilauea is occupied by a caldera that has a roughly eliptical shape of about 2.8 x 4.0 km.
The Halemaumau pit crater lies within the summit caldera and, historically, has been the most active vent on the volcano. Most of the non-eruptive degassing of Kilauea originates from fumaroles located within and adjacent to Halemaumau (Greenland and others, 1985) . A summit magma chamber, located about 2 to 6 km beneath the caldera, supplies magmatic gases to the fumaroles (Gerlach, 1986) .
Fumarole gases have been collected and analyzed on occasion for many years. However, in the last 10 years, effort has concentrated on systematically collecting and analyzing non-eruptive gases from two of the summit fumaroles, in an attempt to monitor movement of magma beneath the summit and to possibly forecast eruptions in the summit or even along the east rift zone by changes in fumarole gas composition. Greenland and others (1985) suggested that at least some of the day-to-day variations in SO2 emissions reflect short-term variations in magma supply to the reservoir. Gerlach (1986) suggested that changes in summit CO2 emissions may reflect changes in the rate of supply of parental magma to the summit chamber, which in turn may affect reservoir stresses and the probability of eruptions of magma already in storage.
Measurement of total C/S gas ratios have been used to distinguish gases exsolving from magma that is stored in summit reservoirs from gases associated with eruptions of magma that has come directly from the mantle (Greenland, 1987) ; ratios of total C/S gas contents of fumarole gases have also been proposed for monitoring and predicting magma movement. Increases in the He/CO2 ratio at the 1971 fissure fumarole were proposed as a means of predicting impending eruptive activity; this fumarole is thought to be located almost directly above the summit reservoir (Thomas and Naughton, 1979) .
For this study, gases were collected from two summit fumaroles. The Halemaumau fumarole (HMM) is located on the east side of the Halemaumau pit crater, close to the Halemaumau trail. The 7IF fumarole is located on the 1971 fissure, and is actively depositing sulfur. Both fumaroles have temperatures of approximately 93°C (B. Stokes, unpublished data). This report describes the methods used to collect gases from the HMM and 7 IF fumaroles, the methods used for gas analysis, and tabulates the results of the analyses. Wind and rainfall data are also listed.
SAMPLE COLLECTION
The fumarole samples were obtained using 2-meter-long teflon or polyethylene tubes, 0.5 cm-i.d., inserted into the vents. The vent gas was pumped through the tube with a hand pump and stored in 125 cc flow-through glass bottles with teflon stopcocks on both ends; these samples were analyzed for air, CO2, and SO2. Splits of the gas samples in the flowthrough glass bottles were taken for N2 and He analysis using a plastic syringe and needle. The gas splits were injected into 5 cc evacuated glass vials with air-tight rubber stoppers; gas samples were allowed to flow into the evacuated tubes using only the vacuum present in the tubes. The needle hole in the rubber stopper was covered with silicone glue.
Wind direction and wind speed were recorded on days when SO2 concentrations in plume gases were analyzed by correlation spectrometer (COSPEC). Wind direction and speed were measured on COSPEC data collection days by windmeter; details of the methods used were given by Casadevall and others (1987) and by Chartier and others (1988) . Rainfall was measured daily at the Uwekahuna vault, about 0.5 km from the Hawaiian Volcano Observatory.
SAMPLE ANALYSIS
The gas samples in the flow-through bottles were analyzed by gas chromatography for air, CO2, and SO2 within 1 hour of collection. Operating conditions for the gas chromatograph are shown in table 1. Gas sample size was 0.1 mL. Concentrations of CO2, SO2, and air were measured compared to standard curves, and are reported as volume percents of the total gas sample.
The gas samples in the evacuated glass tubes were analyzed for N2 and He approximately 4 to 20 days after collection. For N2 analysis, gas in the vials was removed by injecting 5 ml of He (equal to the volume of the vial) into the vial and removing the mixture of fumarole gas and added He. These gas mixtures were analyzed by gas chromatography. Operating conditions for the gas chromatograph are shown in table 2. Concentrations of N2 were measured compared to standard curves and reported as volume percent of the total gas sample. Known concentrations of N2 were analyzed several times per day to ensure stability of the instrument.
For He analysis, gas in the vials was removed by injecting 5 cc of air (equal to the volume of the vial) into the vial and removing the mixture of fumarole gas and added air. This mixture was analyzed for He using mass spectrometry (Reimer and Denton, 1978) . Results of sample analysis were recorded as ppb He above or below the concentration of He in air. Standard samples of air containing known concentrations of He were run several times per day to insure stability of the instrument. Reproducibility of the determination was +/-25 parts per billion (ppb) above or below the concentration of He in air. In addition to the He from the fumarole gas, the He measured in the samples included a mixture of (1) residual He in the evacuated vials, (2) atmospheric He from air contamination of the fumarole, (3) He in air accidently added to the gas sample during the transfer of sample from the flow-through sampling bulb to the 5 cc evacuated tube, and (4) any He in air that may have leaked into the vial before analysis. However, these evacuated vials generally do not show any leakage into or out of the vial for periods up to 2 months (Hinkle and Kilburn, 1979) .
The glass vials used for sample storage were approximately 80% evacuated and contained a residual concentration of He, which had been introduced during the manufacturing process. The amount of residual He was the same for all the tubes in each lot produced by the manufacturer. This residual He concentration was measured and subtracted from the raw measurement of He in each sample.
Excess helium in the sample from air contamination of the fumarole or of the sample was calculated from measurement of the N2 content of each sample, assuming that normal air contains 78.08% N2 and 5240 parts per billion (ppb) He (Glueckhauf, 1946; Oliver and others, 1984) . The calculated He in the air component of the sample was subtracted from the measured He, after subtracting the residual He in the tube. The remaining He was considered to be the true He content of the fumarole gas that was in excess of the He content of air. All of the gas samples were at or above the He concentration in air. The He concentration in fumarole gas was converted to parts per million and is shown in tables 3 and 4.
DESCRIPTION OF DATA TABLES
Data from the analyses were entered into an IBM personal computer and stored on disks, using STATPAC programs developed for personal computers by the U.S. Geological Survey (Grundy and Miesch, 1987) . Data for all measurements obtained during the study are listed in tables 3-5. Data listed are volume/volume concentrations of air (%), CO2 (%), SO2 (%), CO^SO^ N2 (%), He (ppm), wind direction (degrees), wind speed (meters/second), day after start of sample collection (day 1 = January 1, 1987), and rainfall (inches). rx fx rx N N rx N N N N N rx N h-rx N N N N N N N N N N N N N N N N N N N N N N N N N N N N N h-N N N 236  237  238  239  257  258  278  280  3 1 3  33 1  334  341  358  379  384  390  392  412  434  462  463  467  468  484  498  502  509  511  5 1 Day   168  169  170  171  172  173  174  175  176  177  178  179  180  181  182  183  184  185  186  187  188  189  190  191  192  193  194  195  196  197  198  199  200  201  202  203  204  205  206  207  208  209  210  211  212  213  214  215  216 
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